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Description 



CRACKSTOP WITH RELEASE LAYER FOR 
CRACK CONTROL IN SEMICONDUCTORS 

Background of Invention 

[0001] The present invention relates to semiconductor sub- 
strates, and more particularly, to methods and semicon- 
ductor structures having a release layer for controlling 
cracks that form during dicing or as a result of package- 
induced stresses. 

[0002] integrated circuits are fabricated by building multiple lay- 
ers of wiring and passivation on substrates (wafers) that 
contain semiconductor devices. Upon completion of sub- 
strate-level processing, wafers are diced to provide indi- 
vidual chips. The dicing process often causes cracks that 
damage active areas of the chips. To prevent such dam- 
age, crack stop layers have been employed along the 
perimeter of the chip. 

[0003] These crack stop layers often take on additional functions 
for low-K dielectrics, such as providing an edge seal to 



prevent moisture ingress tliat can damage or destroy ac- 
tive areas of a cliip. Tliey also protect active areas of cliips 
from cracl<s, wliicli may emanate from tlie diced edges as 
a result of package-induced stresses. However, as the di- 
electric constant of the material is lowered, the insulator 
material becomes mechanically weaker, and as such, it 
becomes significantly easier for the crack stop/edge seal 
to be breached. To address this problem, prior art has 
been focused on the use of multiple redundant crack 
stop/edge seals. However, this type of conventional ap- 
proach takes up valuable "real estate" on the chip, ulti- 
mately reducing the number of chips that can be pro- 
duced per wafer. 
[0004] Thus, as retention of real estate on the chip is crucial for 
productivity, further improved methods and processing 
layers are needed in the art for controlling edge-cracking 
in chips. Preferably, these methods and layers would take 
up minimal space on the chip and allow for the control of 
cracking during dicing, as well as in service. 
Summary of Invention 

[0005] Bearing in mind the problems and deficiencies of the prior 
art, it is therefore an object of the present invention to 
provide methods of forming at least one vertical interface 



that controls cracks from penetrating into active areas of 
chips, in particular, cracks generated at chip edges by 
dicing or by package-induced stresses while the chip is in 
service. 

[0006] Another object of the present invention is to provide 

methods of forming and at least one vertical interface that 
deflects cracks generated during integrated circuit fabri- 
cation, and in particular during dicing, and thereby pre- 
venting any cracks from penetrating into a crack stop. 

[0007] A further object of the invention is to provide methods of 
forming smaller, faster integrated circuits having at least 
one vertical interface, such as a vertical release layer, for 
absorbing cracks generated by dicing or by package-in- 
duced stresses while the chip is in service. 

[0008] It is yet another object of the present invention to provide 
methods of forming integrated circuits having at least one 
vertical interface that reduces the real estate required for 
crack stops by making crack stops more effective, thereby 
enabling fewer crack stops to be used such that a greater 
number of chips can be produced per wafer. 

[0009] It is another object of the present invention to provide 

strong, reliable and efficient semiconductor chips having 
at least one vertical interface in close proximity to a crack 



stop. 

[0010] Still other objects and advantages of the invention will in 
part be obvious and will in part be apparent from the 
specification. 

[0011] The above and other objects, which will be apparent to 
those skilled in art, are achieved in the present invention, 
which is directed to in a first aspect, a method of control- 
ling cracks in a semiconductor device. The method at least 
includes providing an integrated circuit structure having a 
crack stop along its perimeter. At least one opening is 
formed adjacent to the crack stop, and a release material 
is deposited in an amount sufficient to at least fill the 
opening. Excess release material is then removed to form 
a vertical interface within the opening adjacent to the 
crack stop, which acts to prevent cracks from penetrating 
into the crack stop. 

[0012] The release material may be a material having low adhe- 
sion strength to adjoining layers enabling such cracks to 
be deflected away from the crack stop, whereby penetra- 
tion of the crack into the crack stop is avoided. Alterna- 
tively, the release material may be a material having a suf- 
ficient toughness to enable the vertical interface to control 
the cracks in the semiconductor by absorbing the cracks. 



thereby preventing the cracks from penetrating the cracic 
stop. 

[0013] In the invention, the vertical interface may be a plurality of 
individual spacer structures. The plurality of individual 
spacer structures are provided by etching exposed por- 
tions of a non-ultra low-k dielectric in a wiring level to 
form a plurality of openings, followed by depositing the 
release material in an amount sufficient to fill cover the 
sidewalls of the plurality of openings. The release material 
is then etched to form the vertical interface comprising a 
plurality of individual spacer structures throughout the 
semiconductor, whereby selected ones of these vertical 
interface are adjacent the crack stop for controlling cracks 
in the semiconductor. 

[0014] Once the vertical interface is formed, the method may fur- 
ther include depositing a low-k material in an amount 
sufficient to fill any remaining gaps in the wiring level, 
and planarizing a surface of the semiconductor to at least 
expose the vertical interface. A capping layer is then de- 
posited over a surface of the wiring level. These steps may 
be repeated until a final, desired integrated circuit struc- 
ture is achieved. 

[0015] Alternatively, the vertical interface may comprise a release 



trench along the perimeter of the integrated circuit within 
the opening adjacent to the cracic stop. This release 
trench is formed by depositing a resist material over a 
surface of the semiconductor, followed by patterning the 
resist material to form a patterned resist having a channel 
opening adjacent to the outside perimeter of the crack 
stop. The release material is then deposited in the amount 
sufficient to fill cover the sidewalls of the channel open- 
ing. The release material is then etched to form the verti- 
cal interface comprising the release trench adjacent to the 
outside perimeter of the crack stop. 

[0016] The wafer may then be further processed by removing re- 
maining patterned blockout resist, depositing a low-k 
material in an amount sufficient to fill any remaining gaps 
in the semiconductor and then planarizing a surface of the 
semiconductor to at least expose the vertical interface. A 
cap layer may then be deposited over the surface of the 
wafer. These processing steps may be repeated until a fi- 
nal integrated circuit structure has been achieved. 

[0017] In another aspect, the invention is directed to another 

method of controlling cracks in an integrated circuit de- 
vice by providing a wiring level having an ultra low-k di- 
electric layer and a crack stop within the ultra low-k di- 



electric layer along the perimeter. The ultra low-k dielec- 
tric layer within a vertical channel adjacent the crack stop 
is located and then modified to form a self-aligned verti- 
cal interface. This self-aligned vertical interface controls 
cracks by preventing the cracks from penetrating into the 
crack stop. The ultra low-k dielectric layer may be modi- 
fied by either collapsing such dielectric layer to form a 
void adjacent the crack stop thereby weaken adhesion of 
the ultra low-k dielectric layer to the crack stop, or it may 
be modified by increasing toughness of the ultra low-k 
dielectric for absorbing any crack energies. 
[0018] In still another aspect, the invention is directed to a crack 
stop structure located at the perimeter of an integrated 
circuit device. This structure includes an integrated circuit 
having a low-k dielectric layer, a crack stop along the 
perimeter of the circuitry within the dielectric layer and a 
vertical interface. The vertical interface resides along the 
perimeter of the circuitry adjacent to the crack stop, 
within the dielectric layer, for controlling cracks in the cir- 
cuitry by preventing the cracks from penetrating into the 
crack stop. The structure may additionally include a low-k 
material filling voids in the dielectric layer, and a capping 
layer covering the low-k material. In accordance with the 



invention, tlie vertical interface may be either altered low- 
k dielectric layer, or a release material having either low 
adhesion or sufficient toughness properties as discussed 
in detail below. 
Brief Description of Drawings 

[0019] The features of the invention believed to be novel and the 
elements characteristic of the invention are set forth with 
particularity in the appended claims. The figures are for 
illustration purposes only and are not drawn to scale. The 
invention itself, however, both as to organization and 
method of operation, may best be understood by refer- 
ence to the detailed description which follows taken in 
conjunction with the accompanying drawings in which: 

[0020] Figs. lA-G show, in sequence, the steps of forming the 
vertical interface of the invention as a plurality of individ- 
ual spacer structures throughout the chip. 

[0021] Figs. 2A-F show, in sequence, the steps of forming the 

present vertical interface in a non-ultra low-k dielectric as 
release layer trenches adjacent to a crack stop of the re- 
sultant structure. 

[0022] Figs. 3A-F show, in sequence, the steps of forming the 

present vertical interface in an ultra low-k dielectric as re- 
lease layer trenches adjacent to a crack stop of the resul- 



tant structure. 

[0023] Fig. 4A shows alternate processing steps to tliose of Figs. 
3B-D wliereby any excess release layer used to form the 
present vertical interface and the patterned blockout re- 
sist layer are either sequentially or simultaneously re- 
moved to form the structure of Fig. 3E. 

[0024] Fig. 4B illustrates that the vertical interface of Fig. 3F may 
be formed as avoided release layer channel. 

[0025] Fig. 4C illustrates that the vertical interface of Fig. 3F is 

formed directly adjacent the crack stop to either deflect or 
absorb any generated cracks during semiconductor pro- 
cessing. 

[0026] Figs. 5A-C illustrates the steps of forming the present 

vertical interface in an ultra low-k dielectric as altered re- 
lease layer trenches adjacent to a crack stop of the resul- 
tant structure, whereby Fig. 5B illustrates that the release 
layer has been altered by forming a void that weakens ad- 
hesion of the present release trench to the crack stop, 
while Fig. 5C illustrates that the release layer has been al- 
tered by changing the dielectric mechanical properties of 
the release layer to increase its crack resistance adjacent 

the crack stop, i.e., increase its toughness. 
Detailed Description 



[0027] In describing tlie preferred embodiment of the present in- 
vention, reference will be made herein to Figs. 1A-5C of 
the drawings in which like numerals refer to like features 
of the invention. 

[0028] Crack stops are often incorporated around the perimeter 
of chips for preventing damage or cracks from reaching 
the active areas of the chips during dicing. The present 
invention provides a vertical interface adjacent to an ex- 
isting crack stop around a perimeter of a chip, such as a 
metal crack stop having a pyramid design. The vertical in- 
terface of the invention controls cracks emanating from 
diced edges from traversing through, i.e., cracking, the 
crack stop, as well as controls cracks as a result of pack- 
aged-induced stresses in service. 

[0029] The vertical interface is comprised of a material that pre- 
vents generated cracks from damaging the crack stop by 
deflecting any generated cracks from entering into the 
crack stop or by absorbing the generated cracks. The ver- 
tical interface also may be comprised of a material that al- 
lows advancing cracks to lose enough energy such that 
they become incapable of penetrating the crack stop. 

[0030] The vertical interface can be implemented in a number of 
ways such as, for example, vertical spacers of release ma- 



terial, vertical trenches of release material, vertical chan- 
nels of the release material and the like. These vertical in- 
terface structures may be formed with or without block 
out masks. An essential feature of the present vertical in- 
terface(s) is that it comprises a material having a low ad- 
hesion interface to the crack stop such that any generated 
cracks are controlled by being diverted from passing 
through the crack stop and instead travel along the crack 
stop, or of a material having internal interfaces that can 
deflect the crack and absorb its energy. The vertical inter- 
face, i.e., release layer, can also be of a material having 
sufficient toughness to absorb any crack energy. 

[0031] For a better understanding of the present invention, refer- 
ence is now made to the drawings wherein the vertical in- 
terface of the invention for controlling generated cracks is 
formed using a release layer. 

[0032] Referring to Figs. lA-G, the vertical interface of the inven- 
tion may be formed as a plurality of individual spacer 
structures throughout the chip. In so doing. Fig. lA illus- 
trates a dual damascene structure 10, such as a dama- 
scene structure in a non-ultra low-k dielectric 18 which 
includes crack stop 16 surrounding a perimeter of the 
chip and interconnecting wirings 14, such as copper 



wirings, in an original dielectric layer 18 over cap layer 12. 
The dielectric layer 18 is preferably a non-ultra low-k di- 
electric such as SiO^, SiLK from Dow Chemical Corpora- 
tion, SiCOH and the like. 
[0033] A top surface of the structure is then etched back such 
that exposed regions of dielectric layer 18 are removed 
between the interconnecting wirings 14 and crack stop 16 
to form the structure of Fig. IB. This may be accom- 
plished by reactive ion etching using a chemistry suitable 
to remove the dielectric layer 18, such as, a fluorocarbon 
based etchant for a SiO layer 18, e.g., CF , C F , and the 

2 4 2 6 

like; or an oxygen, hydrogen or ammonia based etchant 
for an organic layer 18. 
[0034] Once etching is complete, the vertical interface of the in- 
vention is formed by depositing a release layer 20 over all 
exposed surfaces of the semiconductor structure. The re- 
lease layer 20 is preferably conformally deposited to a 
thickness ranging from about 5nm to about 50nm. Again, 
an essential feature of the present vertical interface(s) is 
that it comprises a material having a low adhesion inter- 
face to the crack stop for deflecting any possible cracks 
that may otherwise occur through the crack stop, and/or a 
material of sufficient toughness to absorb any crack en- 



ergy. In accomplishing this, the release layer 20 may com- 
prise a material that has at least one, or more, of the fol- 
lowing properties: low adhesive strength to sidewalls cre- 
ated by the previous etchback process; low adhesive 
strength to a subsequently deposited layer; an interface 
internal to a multilayer release layer stack having low ad- 
hesive strength and/or sufficient toughness to absorb 
crack energy. 

[0035] The present release layer may comprise a material having 
low adhesion interface for deflecting cracks and/or suffi- 
cient toughness including, but not limited to, a polymer, 
polyimide, a low-k material, such as SILK or methyl- 
silsesquioxane (MSQ), parylene, a low modulus and/or 
high tensile SiCOH provided that adhesion to the crack 
stop is poor, and the like. For instance, the release layer 
may be a material having poor adhesion to sidewalls, such 
as, a fluorine-containing etch polymer, SILK or any other 
organic without adhesion promoter. Alternatively, the re- 
lease layer may be a material having poor adhesion to a 
subsequently deposited layer such as TEFLON from 
Dupont Corporation, or even further, the release layer 
may be a material having a weak internal interface such as 
SiCN+SiCOH. Still further, release layer 20 may comprise a 



material having sufficient toughness to absorb any gener- 
ated cracl< energies, such as, thermoplastic polymers. 

[0036] Referring to Fig. ID, a top surface of the semiconductor 
structure is then etched back to remove portions of the 
release layer 20 at the surface of the structure. In so do- 
ing, etching stops once atop surface of the interconnect- 
ing wires 14 and the crack stop 16 has been reached such 
that a plurality of individual spacer release structures 22 
are present over the entire chip. 

[0037] In continuing processing of the semiconductor structure, 
referring to Fig. IE, a low-k material 30, preferably an ul- 
tra low-k material, is deposited over the structure in an 
amount sufficient to at least fill all gaps in the semicon- 
ductor structure. This low-k material may include, but is 

® 

not limited to Nanoglass, porous SiCOH, porous SiLK , 
and the like. 

[0038] Once the low-k material 30 has been deposited, the sur- 
face of the structure is planarized to remove any excess 
low-k material 30. This may be accomplished by known 
etch back or CMP techniques. The resultant structure is 
shown in Fig. IF having, at a surface thereof, exposed 
portions of interconnect wirings 14, spacer release struc- 
tures 22 and crack stop 16. 



[0039] Referring to Fig. IG, a second cap layer 40, sucli as PECVD 
SiCN or SiN, is tlien deposited over tlie exposed surfaces 
of tlie structure sliown in Fig. IF. For example, a passiva- 
tion film may be deposited over the final layer containing 
the present vertical interface, i.e., the vertical interface of 
the invention resides entirely under a passivation layer of 
the semiconductor. 

[0040] In accordance with the invention, as discussed above and 
further below, the vertical interfaces, i.e., resultant release 
structures, are located along the perimeter of the chip ad- 
jacent the crack stop, such that these release structures 
22 face the dicing channels of the chip. During dicing, the 
material of the release structures 22 is loosely adhered to 
the walls of the crack stop such it deflects any cracks from 
passing through the crack stop and instead diverts such 
cracks to travel along the crack stop, or is of a material 
having sufficient toughness, as discussed above, to ab- 
sorb any cracks. 

[0041] In accordance with the invention, the above processing 
steps, as shown with reference to Figs. lA-G, may be re- 
peated at least once, or a number of times, as may be re- 
quired for the particular semiconductor structure being 
fabricated. 



[0042] As an alternative to forming vertical interface spacer-like 
structures from release layer 20 as described above, the 
vertical interface may be formed as trench-like structures 
from the release layer 20 that are only present in release 
layer channels adjacent to the crack stop structure. 

[0043] In more detail, referring to Figs. 2A-F, a dual damascene 
structure is provided, as described above in reference to 
Figs. lA-B, having crack stop 16 along the perimeter of 
the chip and interconnecting wirings 14 in a dielectric 
layer 18 over a cap layer 12. However, prior to depositing 
release layer 20, a blockout resist layer is deposited over 
the structure and then exposed and developed by lithog- 
raphy to form a patterned blockout resist layer 50 having 
a release layer channel 55 on an outside perimeter 17 of 
crack stop 16, as is shown in Fig. 2A. 

[0044] The release layer 20 of the invention is then deposited 
over the structure shown in Fig. 2A in an amount suffi- 
cient to at least fill the release layer channel 55 on the 
outside perimeter 17 of crack stop 16 such that the verti- 
cal interface is formed along the perimeter of the chip ad- 
jacent the crack stop. In filling the release layer channel 
55, release layer 20 is preferably deposited to a thickness 
ranging from about 50nm to about lOOOnm. Again, an 



essential feature of the resultant vertical interface of the 
invention is that is be made of a release layer material that 
has a low adhesion interface for deflecting any possible 
cracks that may otherwise occur in the crack stop, and/or 
a material of sufficient toughness to absorb any generated 
crack energies. As such, the release layer may comprise 
any of the materials as discussed in detail above. 

[0045] Referring to Fig. 2C, a top surface of the semiconductor 
structure is then etched back to remove portions of the 
release layer 20 at the surface of the structure. Etching 
stops once a top surface of the patterned blockout resist 
layer 50 has been reached such that the release layer 20 
only remains in release layer channels 55 to fabricate the 
vertical interface of the invention as a release trench 24 
adjacent to crack stop 16. 

[0046] The patterned blockout resist layer 50 is then removed, 
such as by stripping, as shown in Fig. 2D. The low-k ma- 
terial 30, preferably ultra low-k material, is then de- 
posited over the semiconductor structure, and the surface 
planarized to remove any excess low-k material 30 
thereby resulting in the structure as shown in Fig. 2E. Re- 
ferring to Fig. 2F, cap layer 40 is then deposited over the 
structure to allow for further processing. 



[0047] Again, the above processing steps, as sliown witli refer- 
ence to Figs. 2A-F, may be repeated at least once, or a 
number of times, as may be required for tlie particular 
semiconductor structure being fabricated. 

[0048] Figs. 3A-F illustrate an alternate approach to forming re- 
lease layer channels adjacent to the crack stop 16. Fig. 3A 
illustrates a dual damascene structure, such as a dama- 
scene structure in an ultra low-k dielectric, having crack 
stop 16 surrounding chip perimeter and interconnecting 
wirings 14, such as copper wirings, in dielectric layer 19 
over cap layer 12. In this structure, dielectric layer 19 is 
preferably an ultra low-k dielectric such as porous SiCOH, 
nanoglass and the like. 

[0049] Referring to Fig. 3A, a blockout resist layer is deposited 
over the structure and then exposed and developed by 
lithography to form a patterned blockout resist layer 51 
having opening 56 exposing a portion of dielectric layer 
19 adjacent the crack stop 16. Using the patterned block- 
out resist layer 51, the exposed portion of dielectric layer 
19 is then removed, such as by etching, to form release 
layer channel 57 substantially adjacent crack stop 16. As 
is shown in Fig. 3B, a thin layer of dielectric layer 19 re- 
mains on the sidewalls of the release channel, and a por- 



tion of cap layer 12 resides at a bottom of the release 
channel 57. This release channel is preferably narrow 
enough so that a subsequent step of filling the channel 
with release layer causes a pinch-off of the release layer 
fill material. 

[0050] Referring to Figs. 3C-D, once the release channel 57 is 

formed, the patterned blockout resist layer 51 is removed, 
such as by stripping, and then the release layer 20 of the 
invention is deposited over the structure in an amount at 
least sufficient to fill the release layer channel 57. In so 
doing, the release layer 20 is preferably deposited to a 
thickness ranging from about 50nm to about lOOOnm. As 
discussed above, an essential feature of release layer 20 is 
that it comprises a material having a low adhesion inter- 
face for deflecting any possible cracks that may otherwise 
occur, and/or a material of sufficient toughness to absorb 
any generated crack energies. The release layer may com- 
prise any of the materials discussed above. 

[0051] Referring to Figs. 3E-F, the surface of the semiconductor 
structure is then planarized such that excess release layer 
20 is removed in order to form release trench 26 that is 
substantially adjacent crack stop 16, therein being sepa- 
rated by from crack stop 16 by dielectric coating 19 on 



sidewalls of the release trench. Cap layer 40 is then de- 
posited over the structure surface to allow for further pro- 
cessing. 

[0052] The above processing steps, as shown with reference to 
Figs. 3A-F, may be repeated at least once, or a number of 
times, as may be required for the particular semiconduc- 
tor structure being fabricated. 

[0053] Figs. 4A-C refer to variant processing steps with reference 
to those discussed in relation to Figs. 3A-F. Referring to 
Fig. 4A, as an alternate to the processing steps as shown 
in Figs. 3B-D, the patterned blockout resist layer 51 may 
be formed, the release layer 20 deposited over the pat- 
terned blockout resist layer 51 in an amount to fill the re- 
lease layer channel 57, and then any excess release layer 
followed by the patterned blockout resist layer 51 re- 
moved to ultimately result in structure as shown in Fig. 
3E. Alternatively, the excess release layer and the block- 
out resist layer 51 are removed simultaneously to result in 
the drawing of Fig. 3E. Processing then continues as dis- 
cussed above. 

[0054] Alternate resultant semiconductor structures are shown in 
Figs. 4B-C. Fig. 4B, is similar to that of Figs. 3F, however, 
the release layer channel is formed as a voided release 



layer channel 28 by depositing layer 20 using an uncon- 
formal process such as PECVD. Referring to Fig. 4C, the 
processing steps of Figs. 3A-F is modified such that in the 
formation of the release channel 57, all dielectric layer 19 
is removed therein. As such, the channel is directly adja- 
cent the crack stop 16. In so doing, upon forming the re- 
lease layer channel of the invention in accordance with the 
processed described in relation to Figs. 3A-F, the resul- 
tant release layer channel is a release layer channel 29 
that is directly adjacent crack stop 16, therein residing 
between crack stop 16 and at least one interconnecting 
wire 14. 

[0055] Referring to Fig. 5A, a dual damascene structure, such as 
a damascene structure in an ultra low-k dielectric, is pro- 
vided having crack stop 16 surrounding chip and inter- 
connecting wirings 14, such as copper wirings, in dielec- 
tric layer 19 over cap layer 12. In this structure, dielectric 
layer 19 is preferably an ultra low-k dielectric such as 
porous SiCOH, and the like. A hard mask layer 60 may be 
provided over exposed surfaces of the ultra low-k dielec- 
tric layer 19. The hard mask layer 60 may comprise a ma- 
terial such as SIC, SIN, OSG and the like. 

[0056] The ultra low-k dielectric material residing within the re- 



lease layer channel 70 that is directly adjacent crack stop 
16 is then modified to induce toughness and/or weaken 
adhesion to the crack stop. This may be accomplished by 
exposing the ultra low-k dielectric material within release 
channel 70 to radiation 80 that is capable of altering the 
physical and/or mechanical properties of the release ma- 
terial within the channel 70 adjacent crack stop 16. 
[0057] This step of exposing the dielectric material having poor 
crack stop resistance may be accomplished using radia- 
tion sources such as e-beam, ultraviolet light, visible 
light, or laser light for altering the properties of the re- 
lease material as discussed above. Preferably, a laser hav- 
ing a wavelength that is absorbed by the low k dielectric 
material, such as a wavelength ranging from about 1 to 5 
microns, is emitted through the hard mask 60, along the 
chip edge, and into channel 70 of dielectric material to lo- 
cally change such dielectric material adjacent to the crack 
stop 16. As a result, this altered dielectric material within 
the channel is transformed into the present vertical inter- 
face is the form of a release material trench, whereby this 
vertical interface is self-aligned as formed. Alternatively, 
the wafer could be masked using a shadow mask or pat- 
terned photoresist to limit radiation 80 to channel 70 (not 



shown). 

(8) 

[0058] Many porous low k dielectrics, such as porous SILK , have 
high absorption coefficients at IR or optical wavelengths. 
By radiating or heating these materials in accordance with 
the invention, the high absorption coefficients cause local 
collapsing or changing of the porous low k dielectric to 
either result in a void 90 adjacent the perimeter of the 
crack stop that weakens the adhesion of the present re- 
lease trench to the crack stop such that this void 90 acts 
as a crack stop, as is shown in Fig. 5B. This radiation may 
also induce a volume shrinkage within material 19 such 
that it pulls away from the sidewalls and produces side- 
wall voids (not shown). Alternatively, radiating or heating 
the dielectric material may physically change the dielectric 
mechanical properties to result in vertical interface in the 
form of an altered release trench 100 having increased 
crack resistance adjacent the crack stop, i.e., increased 
toughness, as shown in Fig. 5C. In accordance with the in- 
vention, it should be appreciated that this aspect of irra- 
diating or heating release material in the release channel 
adjacent the crack stop is applicable to any dielectric ma- 
terial having poor crack stop resistance which can be 
changed by irradiation. 



[0059] The structure of Figs. 5B-C may then be further processed 
in accordance with the invention by capping the structure. 
These steps as referenced to Figs. 5A-C may then be re- 
peated any number of times as is required for the particu- 
lar integrated circuit structure being fabricated. 

[0060] In accordance with the invention, incorporating a hard 

masl< into those processes malcing use of ultra-low-K di- 
electric materials may modify the above steps. In so do- 
ing, this hard mask protects the ultra-low-K dielectric 
materials during processing. Further, hard masks may be 
integrated into the above process steps for depositing the 
release layer material only into desired, select areas as 
may be required by the specific design structure. Another 
modification of the above approaches is to allow the re- 
lease trenches be bounded by on each side by a metal 
line/via structure for allowing the dielectric material to be 
completely etched away without a potential problem of 
undercutting. Still another modification of the above pro- 
cesses is to allow the patterned block out resist, where 
used, to remain in place, deposit the release layer material 
and then simultaneously remove both the release layer 
and the patterned block out resist, such as by etching 
back. Still other modifications will be apparent to those of 



skill in the art. 

[0061] Accordingly, the present invention provides at least one 
vertical interface, either in close proximity to a crack stop 
or in direct contact with a crack stop, whereby this vertical 
interface(s) controls cracks emanating from diced areas, 
during dicing as well as in service, by deflecting or ab- 
sorbing such cracks. Advantageously, the present vertical 
interface requires minimal surface space on the semicon- 
ductor individual chips such that it preserves and main- 
tains the valuable real estate on the semiconductor wafers 
for increased productivity. 

[0062] While the present invention has been particularly de- 
scribed, in conjunction with a specific preferred embodi- 
ment, it is evident that many alternatives, modifications 
and variations will be apparent to those skilled in the art 
in light of the foregoing description. It is therefore con- 
templated that the appended claims will embrace any such 
alternatives, modifications and variations as falling within 
the true scope and spirit of the present invention. 



